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(54) SPECTROMETER 
(57)Abstract 

PURPOSE: To make it possible to analyze and combine lights of multiple wavelengthes without any close control by 
arranging a plurality of filters, which have different transmission wave bands, thereby to accomplish the analysis 
and combination of the multiple wavelengthes. 

CONSTITUTION: Optical signal waves composed of different wavelengthes H 12, X.3, X4 and 15 are emitted from a 
fiber 100 and converted by a colimating lens 40 into parallel beams, which enter an optical filter 11. In accordance 
with the characteristics of the filter 11, the signal waves of the wavelength 11 are allowed to pass through the 
filter 1 1 and are gathered in a photoelectric converting element 31 by a condensing lens 21 so that the signal 
waves of other wavelengthes are reflected to enter an optical filter 12. The signal waves of the wavelength X2 are 
allowed to pass through the filer 12 whereas the others are reflected to enter an optical filter 13. Likewise, 
sequential separations are accomplished so that the signal wavelengthes of the wavelengthes 12, X3 and so on are 
sequentially gathered at other photoelectric converting elements 32, 33 and so on. In the case of spectroscopy, the 
characteristics of the respective filters can be independently adjusted, and the size can slso be reduced with ease. 
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[57] ABSTRACT 
An optical multiplexer and/or optical demultiplexer for 
multiplexing and/or demultiplexing a plurality of wave- 
lengths comprises a plurality of optical filters each of 
which transmits a predetermined wavelength and re- 
flects other wavelengths, said optical filters being ar- 
ranged so that an optical beam is transmitted or re- 
flected via each optical filter in sequence in a zigzag 
fashion. A light source or light detector is provided 
behind each optical filter to project or receive a colli- 
mated optical beam. The angle of incidence when a 
beam is applied to an optical filter is small. And, another 
optical means is provided to connect the present optical 
multiplexer and/or demultiplexer with an outside opti- 
cal fiber. The transmission wavelength of each optical 
filter is different from the others. 

20 Claims, 17 Drawing Figures 
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Fig. 5 
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Fig. 12 
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Fig. /3 
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OPTICAL MUf TTPi p-ye-p iv r. m ? */ e •> v ?V ell ??« th ^elective device* which utilize the 

*t£i8SSuS ■ - ^nihi^etweep tbe.w.velength and the refractive 
uuMVLllFhEXER index, .or diffraction angle of a prism or an optical grat- 

^BACKOROUND OF -HiE INVENT^. 5 l^S^ye^reflecu. ^ecific wave- 

The present invention relates to an optical multi- 'eng'h and transmits ,othlsr,wavelength»; and is embod- 

plexer and/or an optical demultiplexer which can be ied by plastics .with wlortag matter oYdye. orTlami- 

!K ^W^Jf*"^ 0Pti«l equipment, nated.thin film interference -filter in which thin fiZ 

2S™; Mti r S r m / a ^ an0 ^ fib - the^fiveS 
transmission system has the advantages over prior me- 

taUic cables, such as small loss, wide bandwidth, small m^ffM-^nii 1 ) 
cable diameter, light-weight cable, high-flexibility ca- '* 

^?JiT t fi ( CharaCte r^ C, L ln ? f * aaaS * 10 el «- where N < r > U ^ refractive « the point of the 

tromagnetic mterference. And the latest developments radius (r), Nois the center. refractive index. A is a con- 

for m^ufactunng optical fiber with low loss, and for .tot, and r is the length from *e ™ Whin a 

controlhng the waveleagtf, in light sources, makes pos- beam is applied to the center of the rod i * 

sible a wavelength-division multiplexing transmission » direction, tte diimtfe or ft, W»T JET-'! 

system which transmit, a plurabtytf w^elength. in a Zfy, «d when7£tti kZStto 



sible a wavelength-divUion multiplexing Lra^Son » diameter ofthe beTcW 

system which transmits a plurality of wavelengths in a cX « d ^enT^tl!™ £T .^ gCS 

simoons transmission' of a tJffTjSSi * ^st 5**j££S 

FIG. 1 shows anexample of the basic configuration fill^fc 1 " * , 5 UCt ^ " * hown m 
of a wavelength-divisiori multiplexing transnusKya- S^l™ ^ interference filter 3 is sandwiched 
tern (called W.D.M.). In this figure! the^S ofi P^T* * P ^ ° f graded L mdex le «« 1 "d 2. The 
i. z^-in ««. wjsnau oi a light beam conunff into or.rf»^ i 



rem icaiiea vyjj.M.). In this figure, the sicnals of a rulu y ■ ™° ,entes 1 8,1,1 2. l be 

plurality of channels (CH It CHz, . ..CH,)1XW 30 *£f ^^fffo the graded index rod lenspro- 

mission side are converted to a o^vteg^aU for driv- f W i? ag2 ? g throu * h *» W« led Me * rod 
ing light sources by respective transmitter circuits * *i *» "W » the figure. When used as 

(TR,, TRj, , . . , TR„), and are applied to light source. m °f^ multiplexer, the lengths of the graded index 
(Tl. Tj, . . . , T„). Each light source generates a light Iens f J 2 de,i 8 ned to bp about J of the 

beam according to. said driving signals and each of said 35 p of Ugbt beam - ^ interference thin 

light beams has the center wavelength (X 1( X 2 X„) fflm fflter 3 " * renecti °n Him made of dielectric multi- 

and each of said center wavelengths corresponds' to a Iayer fflm with * w »velength dependency characteris- 

different Channel. As a light source a latter or a light- tic, that is, reflectivity and transmisiivity of this film 

emitting-diode (LED) can be generally utiliied. The differ * de Pen<iing on the wavelength, of the light 
output light beams from the light sources are annlied to 40 Thc foUowing is • a description of signals with ti 

an nnttcal fnnltinl«>» /UTTT\ a. i . 7, . ^;fr».._. ; 1 .t- ... , , . '. - . . 



irom uie iignt sources are applied to 40 »uuowuig » a aesenpnon 

an optical multiplexer (MUL) through an optical fiber di ff«ent wavelengths Xi,. and X 2l 

and are multiplexed or combined therein, then the mul- • °P ticli flber "».'«nd separated into two different posi- 
tiplexed hght beams are applied to an optical fiber trans- tions - The optical signal waves of two different wave- 
mission line (LINE). lengths emitted from the optica! fiber 100 proceed zig- 
At the reception side, each Wavelength is separated 45 propagate through the graded index rod lens 1 
Srn x j f by m ° ptka demultiplexer (DE- enter the interference filter 3. Then, the interfer- 
MU L), and each separated light beam is applied to each ence filter 3 reflects the optical signal wave with wave- 
light detector or sensor (R,, R : r,) ( which con- length Xi but transmits the optical signal wave with 

verts the opttcal signal to an electrical signal. Said dec- wavelength X 2 . The optical signal wave with wave- 
trical signal » applied to a corresponding output termi- 50 length Xi is reflected and enters the optical fiber 101 
nal through a receiver circuit (REC,, RBQj,'. . . , The optical signal wave with wavelength*, propagates 
u?L, tA u • j through the graded index rod lens 2 and is introduced 

It should be appreciated that, in a two-way WDM into the optical fiber 102. Therefore, the two ootical 
dSrrS ^^utr tQt f ^ ^ w » ve * d ^«t wavelengths can be 

fiSSST dedatboththet «n«'»i"ion«ideand 55 rated. The characteristic, of the interference filter^ a 
Vl- P • . ■ multiplexer are determined by the position 5 of the fiber 

and/or an optical demultiplexer utilized as mentioned 102 which receive the separated signal waves are also 
%££Z o 5 f a T , t r L Sh0Uld , be n0ted thit due to «h« ' detomi « d by the posifionSof nfopti^,b\r UO 
ZSS-kSXST^* ? tn f" re f*" °P tical 60 1W «* * e W multiplexer « Aown in HO 2 
ZmXi? ^ ^ e ? tructure of »n optical has die disadvantege that the characteristics of tlw h> 
SdStee^W' 1^ £ n0ted ^ ^ terference "«* 3 "S the position. ofSbt™ lM«d 
word multiplexer* or "demu tiplexer" involves both a 102 for reception of the waves cannot be Ju,Z*A i^Z. 
multiplexer and a demultiplexer unless a specific defini: nendenthT " cannot be adjusted inde- 



"w.w .u» lut ,, t A« or uemuuipiexer" involves both g 

multiplexer and a demultiplexer unless a specific defini^ pendently^ " 

optical niultiplexer are a prism, an optical grating, and a plurality of graded index rod lenses 11 vrr r?! r ! 

wavelength-selectivefilter.A P ri,m M d 1 moptica.gr«t. Lembled. k^JX^^ AU^lZl 
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positions of these graded index rod lenses are not con- PIG. 5 shows the relationship between the wave- 
trolled with precision. The larger the number , 'of signal length and the transmissivity of the filter in FIG. 4, 
waves to be separated, the greater the adjustment diffi- FIG. 6 shows the curve between the center wave- 
culties. length of the filter and the angle of incidence of the 

Another prior optical multiplexer utilizing ■ wave- S filter in PlG. 4, ' 
length selective mirror ts'ditclbsed hi' the U.S. Pat. No. FIG. 7 shows the curve between the angle of inci- 
3,953,727. According 1 to said U;S: patent, a plurality of dence and the insertion loss at the center wave-length of 
selective mirrors oriented at 45 degrees in relation to the filter in FIG. 4, 

the axis of the light beam ate arranged in a cascaded FIG. 8 shows the relationship between the angle of 
configuration, and each selective mirror reflects a spe- 10 incidence and the 3-dB down wavelength width (that is, 
cific wavelength. Accordinglyf when there are many the half width) of the filter in FIG. 4, 
wavelengths to be multiplexed or demultiplexed, a light WG. 9 is the basic configuration of the present opti- 
beara must pus many selective filters, therefore, the c *l demultiplexer, 

transmission loss is great. Further, said U.S. patent has WQ. 10 is the basic configuration of the optical multi- 
the disadvantage that when the wavelength to be sepa- 15 P lexer according to the present invention, 
rated is near to that of the other wavelength, separation HG. 11 is another configuration of the present opti- 
is impossible since the angle of incidence is as large as 45 041 demultiplexer, 

degrees, and the transmission and/or reflection charac- raG> U show » Ae detailed structure of the present 
teristics of that filter depends upon whether the light °P tical demultiplexer, 

beam is P-polarized light or S-polarized light, 20 na 13 8nows the characteristics of the demulti- 

Said U.S. patent also discloses a multiplexer in which P le i" shown in FIG. 12, 
a plurality of band pass filters are arranged around a Fla 14 show * ^ detaUe d structure of the present 
glass plate with semi-reflective walls. However, this multiplexer, 

multiplexer has the disadvantage that the loss of the . ^? G ' 15 » h ? ws the detwled structure of another em- 
light beam is great since the light beam suffers from a 25 »odiment of the present optical demultiplexer, 
plurality of partial reflections or partial transmission in 1 shoW i &e deUuled * t ™ cture sti11 another 

said semi-reflective walls. embodiment of the present optical demultiplexer, and 

FIG. 17 shows the detailed structure of still another 
SUMMARY OF THE INVENTION embodiment of the present optical demultiplexer. 

It is an object, therefore, of the present invention to 30 DESCRIPTION OF THE PREFERRED 
overcome the disadvantages and limitations of prior EMBODIMENTS 
multiplexer and/or demultiplexer by providing a new 
and improved optical-multiplexer and/or demulti- 



FIG. 4 shows the embodiment of the structure of the 



dielectric thin film filter, which has a laminated struc- 



S.^^ W '» ° ptiC ? the third laminated layen 7 A 

t^ ^Z3 e ^ . ? P rl C * 1 ^ " tnatmt ' "™ structure as the first layers. Preferably, those lay- 
%Z fv„ * m * J* 00 *.*? W * equence lna 45 ersare attached to a glass substrate S,, and the surface 
zigzag fashion, means for projecting or receiving a ofthe layers is covered with a protection layer or cover 
T 5 ottto °\^/' aio ^ «»* gl»« S:. The dielectric thin film filter mentioned above 

™* L^f v^ ^'^ * ° r 8 b ? ht P"> vid « bypass characteristic in which the speci- 

detector ; rationed behind eact .optical filter, meansfor fied wavelength X among the input light beam trans- 
connecting the output of the final optical filter to an » mits, and another wavelengths are reflected. The ad- 
external optical fiber, and the transmission wavelength justment of the thickness of the layers Ft, F 2 and F 3 can 
depending upon each specific optical filter. co^oi ^ pa^d c f the filter as desired. Further, 

BRIEF DESCRIPTION OF THE DRAWINGS when » ^ *>°*m is applied to a filter obliquely with 
• — e angle 0<fi^0) of incidence, the pass-band (r- - 



The foregoing and other objects, features, and atten- s 



■ , , - - . — wavelength) of a filter is determined according 

dant ad vantages of the present invention will be appre- to the thickness of the layers in the direction of the light 

aated as the same become better understood by means beam. Therefore, the passband for an oblique light beam 

of the following description and accompanying draw- it different from that for a perpendicular light beam. It 

b f?r^ h f < f 1; should be noted in the explanation hereinafter that the 

FIG. 1 shows the general view of a wavelength divi- 60 present multiplexer has the feature that the angle of 

sion multiplex communication system utilizing the pres- •••v,a*~~-. . ti 



FIG. 5 illustrates an example of measuring the wave- 
length characteristics of transmissivity of the dielectric 
" trrrt a i. thin film filter having bandpass characteristic in FIG. 4 

FIG. 3 shows the structure of another prior optical 65 according to the present invention. In FIG. 5, the hori- 
n "!^ e! ^ t l zontel Mis mdic «tes wavelength and the vertical axis 

FIG. 4 shows the structure of a dielectric thin film transmissivity. In this example, the center wavelength 
filter utilized in the present invention, Xo is 875 nm, and the half width AX is 20 nm. The half 
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width AX is the wavelength width in which the energy tion of filters of difference transmission wave length 
decreases by.3dB compared with the center wave- bands, many more optical signal waves can of course be 
length. Of course the wavelengths which do not trans- filtered. 

mit are reflected. FIG, 10 shows an embodiment of an optical multi- 

FIG. 6 illustrates an example of the relationship, be- 5 plexer 104, in which the signal light sources 131', 132', 
tween the center wavelength Xo of the bandpass filter 133', 134* and 135' generate the signals of the wave- 
and the angle of incidence of a light beam. As apparent lengths Xi, X2, X3, X4, Xj respectively. The collirnating 
from FIG. 6, the larger the angle of incidence 6, the lenses 121\122', 123' 124' and 125' provide parallel light 
more the center wavelength Xo shifts to the shorter beams relating the corresponding light sources, and the 
wavelength side. , 10 condenser lens 140' connects the multiplexed optical 

FIG. 7 illustrates an example of the relationship be- signals to the optical fiber 100. In this process, the opti- 
tween the insertion loss and the angle of incidence 0 at cal signal wave with wavelength Xi passes through the 
the center wavelength Xo of the bandpass filter. optical filter 111, collimated by the condenser lens 140' 

FIG. 8 depicts an example of the relationship be- and is introduced into the optical fiber 100. The optical 
tween the half width AX of the bandpass filter and the 15 signal wave with wavelength X 2 passes through the 
angle of incidence. optical filter 112, is reflected by the optical filter 111, is 

From these examples, the following can be identified. collimated by the condenser lens 140', and is introduced 
In FIGS. 6, 7 and 8, when the angle of incidence 6 is into the optical filter 100. Similarly, the light beams 
selected at less than about 20% the transnussivity To at with wavelengths X3, X4, and X 5 are introduced into the 
the center wavelength Xo and the half width AX remain 20 optical fiber 100. 

the same as those in the case of perpendicular incidence FIG. 11 illustrates a modified configuration of the 
(0=0*), although only the center wavelength Xo is present demultiplexer 10c which the optical filters are 
shifted to the shorter wavelength side. not arranged on one straight line. Instead, each filter is 

FIG. 9 illustrates an embodiment of the demultiplexer placed at an angle with reference to the positioning line, 
according to the present invention. In FIG. 9, the de- 25 With this arrangement, the multiplexing and/or the 
multiplexer 10a comprises a plurality of dielectric thin demultiplexing can be performed in the same manner as 
film filters 111, 112, 113, 114 and 115 the structure of the configuration in FIGS. 9 and 10. 
which is shown in FIG. 4, a plurality of condenser FIG. 12 shows the detailed structure of the optical 
lenses 121, 122, 123, 124 and 125, a plurality of photo- demultiplexer lOd according to the present invention, 
electric conversion elements (light detectors or sensors) 30 In the figure, the reference numerals 11, 12, 13, 14, 15 
131, 132, 133, 134 and 135, and a collirnating lens 140. and 16 are dielectric thin film optical band pass filters, 
The filter array composed of the optical filters 111, 113 21, 22, 23, 24, 25 and 26 are glass plates for supporting 
and 115 is to be arranged in parallel with the other filter optical band pass filters 31, 32, 33, 34, 35 and 36 are glass 
array composed of the optical filters 112 and 114. protectors for protecting optical band pass filters, 40 is 
Among the optical signal waves to be demultiplexed, 35 a graded index rod lens for collirnating light from an 
only the optical signal wave with wavelength Xi is optical fiber, 41, 42, 43, 44, 45 and 46 are graded index 
transmitted through the optical filter 111, which reflects rod lenses for condensing light beams, 51, 52, 53, 54, 55 
all other wavelengths. Next, the optical filter 112 trans- and 56 are optical fibers for guiding the demultiplexed 
mits only the optical signal wave with wavelength X2 light to the light detectors or the sensors, 60 is a trans- 
and reflects all other wavelengths. In the same manner, 40 parent common substrate having parallel planes 60a and 
the optical filters 113, 114 and 115 transmit optical sig- 604, 71, 72, 73, 74, 75 and 76 are light detectors or sen- 
nal waves with wavelengths Xi, X 2 , X 3 respectively. sors, 80, 81, 82, 83, 84, 85 and 86 are prisms for coupling 
Thus, the present invention separates or combines the oblique incident light beam to optical filters, and 100 
wavelengths through an array of a plurality of filters is an optical fiber in a transmission line. It should be 
with different pass bands. 45 appreciated that the vertical angle of the prisms 80 

Now, the operation of the present invention will be through 86 is the same as the angle of incidence of the 
described in detail. optical beams to the optical filters, and said angle is, in 

Supposing that optical signal waves composed of the present embodiment, 15 degrees. A series of filters 
different wave lengths Xi, X2, X3, X*. X5 are emitted from comprising the optical band pass filters 11, 13 and 15 
the optical fiber 100, and are collimated through the 50 and another series of filters comprising the optical band 
collimator lens 140, then, the collimated light beam pass filters 12, 14 and 16 are lined up on both of the 
enters the optical filter 111. According to the character- parallel surfaces 60a i and 604 of the common substrate 
istics of the optical filter 111, the optical signal wave 60. Further it should be appreciated that the refraction 
with wavelength Xi is transmitted through the optical indices of the glass plates 21, 22, 23, 24, 25 and 26, the 
filter 111, while optical signal waves of other wave- 55 glass protections 31, 32, 33, 34, 35 and 36, graded index 
lengths are reflected and enter the optical filter 112, the rod lenses 40, 41, 42, 43,44,45 and 46, the common sub- 
optical signal wave with wavelength Xi which is trans- strate 60, and the optical fibers 51,52,53.54,55,56 and 
nutted through the optical filter 111 is converged by the 100 are approximately equal. Since these components 
condenser lens 121 onto the light detector 131. Simi- are mutually connected with optical contact and their 
larly, among the light beams that entered into the opti- 60 refraction indices are approximately equal, the refiec- 
cal signal wave with wavelength X 2 transmits through tion at the interface junction of the components is negli- 
the optical filter 112 and is collimated by the condenser gibly small. Further, since the center wavelength of the 
lens 112, which ffluminates the light detector 132. The band-pass optical filter 11 is Xi, a light beam with wave- 
optical signal waves with other wavelengths are re- length Xi passes through the band-pass optical filter 11. 
fleeted by the filter 112 and enter the optical filter 113. 65 However, other wavelengths X 2 , X 3 , X4, X Sl Xe which are 
Similarly, all other optical signal waves are separated in sufficiently apart from the wavelength Xi are reflected 
sequence by the optical, filters. Although the embodi- by the filter 11. Similarly the center wavelengths of the 
ment of FIG. 9 consists of five optical filters, by addi- optical band-pass titers 12,13,14 and 15 are Xj, X3, X*. Xs, 
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\6 respectively and reflect light beams which are apart parallel beams, 51', 52', 53'. 54', 55', 56' are optical fibers 

SrftK^Z^M^ 1 '? 1 ' Which « ulde light waves ta be »"WPI««* «d those 

angle of the prisms 80,81,82,83,84, and 85 .is 15' m the . optical fibers 51', 52', 53', 54', 55' and 56' guide the light 

Ai, Ai A3, M, As, As are applied to the rod lens 40 from r „_,^ t :,7„i., _„j .l„ „■ ' . . ' ™ , 

the optical fiber 100, these light waves are collimated to , L ^ eoUraiitod beams are apphed 

parallel beams and enter the optical band-pass filter 11 ° ?° m ™? n f ubstrate 60 » obh 3? e lncldent »»S le 
with the oblique incidence angle defined by the vertical ,n [ S 0f> ^ .^-P"* ^ters. Those collimated 

angle of the prisms 80 through 86. The angle of inci- ~ ams P ro P a £ ate . ln 406 opposite direction to that when 

dcncc to the filters in this embodiment is 15'. According ^ P ro P a « atc m the ^ of «> the coM- 

to the characteristics of the optical band-pass filter 11, a mated beams en,er mt0 the rod lens 40', which couples 

light wave with the wavelength Xi is transmitted the multi P lexed be"™' to the transmission optical fiber 
through the optical band-pass filter It Other waves are , 5 10 °- 

reflected by the optical band-pass filter 11 and enter to As an example, the light wave with wavelength X2 

the second optical band-pass filter 12 through the glass guided by the optical fiber 52' is described in the follow- 

plate 21, the common substrate 60 and the glass plate 22. m B explanation, The light wave from the optical fiber 

The wavelength Xi which transmits the filter 11, passes S2 ' » collimated to a parallel beam by the collimating 

through the prism 81, and the rod lens 41, and enters the M rod 'ens 42' and then is applied to the optical band-pass 

optical fiber 51, which guides the light wave of the filter 11 with an oblique incident angle through the 

wavelength Xi to the sensor 71. Thus, the electrical prism 82, the optical band-pass filter 12 and the common 

signal relating to the wavelength Xi is obtained at the substrate 60i On the other hand, the light beams of the 

output of the sensor 71. Next, among the light beams wavelengths X 3 , X*, X5, X6 which are applied to the 

which are reflected by the optical band-pass filter U optical band-pass filter 12 from the bottom in FIG. 14 

and enter the second optical band-pass filter 12, only the are reflected by the optical band-pass filter 12, and 

light wave with the wavelength X 2 is transmitted by the along with the light beam having the wavelength X 2 , 

the glass plate 22, the common substrate 60 and the glass « •„ I , °fJ em V 
plate 23. Similarly, the light waves with different wave- » ^ 15 ""Jf"*" ? 0thw emb ° dlment of P resent 
lengths are separated in sequence through the optical "^tora^ulnptaser according to the present 
band-pass filters^. 14, 15 »d 16. Althou|h an eS mven ''°"- T hes«ne reference numerals are given to the 
* ...-.^ ^ , * rTr components which have been illustrated in FIG. 12. 



ment with six . optical band-pass filters is disclosed in -. , „ , . — 

FIG. 12, many more light waves can be demultiplexed J 1 * ™P?rtant feature of this embodiment is that the 
with arrangements of many more filters of different 40 demult »P le jl x e d ***** do ™} f n ^ T ™ optical fiber, but 
center wavelengths. are apphed directly to the light detectors or sensors 71, 

FIG. 13 illustrates an example of the demultiplexing 11' 12' 75 ' 76 IOd lcMeS **' * 2 ' 43 ' 

characteristics of the demultiplexer IOd in FIG. 12. In US , .„ 

the figure, the horizontal axis indicates wavelength and ™. G ; 16 " lustrates "other embodiment of the present 
the vertical axis shows the insertion loss provided in « muraplexer/demultiplexer according to the present 
passing through the optical band-pass filters 11 through invention, The basic performance of this embodiment in 
16. Said insertion loss is defined by the following for- FI0, lfi k amt 44 ^ of the embodiments in FIG. 
mula; 12 and FIG. 14. The important feature of FIG. 16 is that 

the dielectric thin film filters 11, 12, 13, 14, 15 and 16 
« i M t tonutD 0 w e rfm n ,«. M cifi e dni lert . » hi ™8 a ^P 4 " P ro P ertv ^hed directly to the 
- 10 ,0 « { faput^ertoil touiffic,!^' 1 > surface of the prisms 81, 82, 83, 84, 85, 86 or on the 

surface of the common substrate 60 through a vacuum 
It should be appreciated from FIG. 13 that the light evaporation or sputtering process. Therefore, no glass 
waves of center wavelengths from respective filters are P Iate or gks* protection is provided in the embodiment 
emitted with low loss, but the light waves with wave- 55 in FIG. 16. 

lengths apart from the center wavelengths are substan- II should be noted as indicated in FIG. 6, that the 
tially not emitted. center wavelength Xo of an optical band-pass filter can 
The embodiment illustrated in FIG. 12 is an example be adjusted by controlling the angle of incidence of the 
of demultiplexer, and it should be appreciated that the input light beam. By utilizing this characteristic, when 
same arrangement as that in FIG. 12 can be used as an 60 the center wavelength of an optical band-pass filter has 
optical multiplexer which combines a plurality of wave- some deviation from the desired value because of an 
lengths to a single optical fiber. error in the manufacturing process, fine adjustment of 
FIG. 14 shows an embodiment of the present inven- the center wavelength of a band-pass optical filter is 
tion used as an optical multiplexer. In the figure, the L ' 



reference numeral 40' is the rod lens for coupling an 65 FIG. 17 illustrates still another embodiment of the 

optical beam from the transmission optical fiber 100 to present multiplexer/demultiplexer which can perfon 

the multiplexer; 41', 42', 43', 44', 45' and 46' are rod R j: -' * -'**- ' ■* • 

lenses which collimate output from the optical fibers to 
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as those in FIG. 12 are used for those elements in FIG. 

17. The important feature of the embodiment in FIG. 17 
is the presence of the second group of prisms 9J, 92, 93, 
94, 95 and 96 for the fine adjustment of the angle of 
incidence. The vertical angles of these prisms 91, 92, S3, J 
94, 95 and 96 are designed so that the respective optical 
band-pass filters 11, 12, 13, 14, 15, 16 shall have opti- 
mum angles of incidence. The sum of the vertical angles 
of the first group .of prisms and the second group of 
prisms is substantially equal to the angle of incidence of 10 
a light beam to optical filters. It should be appreciated in 
the embodiment of FIG. 17, that the diameter of each 
optical band-pass filter is sufficiently larger than the 
diameter of an. applied optical beam so that an optical 
Beam does not extend beyond an optical filter when an IS 
angle of incidence is changed. 

In the embodiment in FIG. 17, even if the center 
wavelengths of the optical band-pass filters 11, 12, 13, 
14, 15, and 16 have a small deviation due to the manu- 
facturing error from the desired center wavelengths Xi, » 
Xj, X3, X4, X5, X«, such errors can be compensated for by 
adjusting the angle of incidence of an optical beam 
utilizing compensation prisms 91, 92, 93, 94, 95, and 96. 
Further, since the diameter of the , optical band-pass 
filters is sufficiently large, the multiplexing and/or de- 25 
multiplexing operation is not disturbed even when the 
angle of incidence of an input light beam changes from 
the designed angle of incidence. 

As described above, a multiplexer and/or a demulti- 
plexer according to the present invention has the advan- » 
tages listed below. . 

(a) Light beams do not propagate in the air because 
those elements are optically contacted each other. 

(b) Thus, an optical multiplexer/demultiplexer free 
irnal thermal Hiofi,r+™ 1 . , : 



MUL, DE-MtIL ; . 
Il,12,13,14,15;l«: 
21,22,23^4 J5J6,S, : 



100.101,102: 
111,112,113,114,115: 



TVTVTV 

l«,W: 

Fl.Fj: 



Xl. Xl'. H. \j, K3, U \s. X«: 



puallelpluaofthc 
. 'mbilrne 60 
Kght dettclor 




What is claimed is 



An optical multiplexer comprising a plurality of 
flat optical filter means, each of which transmits a dif- 
opucai multiplexer/demultiplexer free fcrent predetermined wavelength and reflect other 
1 external thermal disturbances and mechanical 35 wavelengths, said optical filter means beine arranged 
„_cibhV CM * andil88izeij readil y » » of »paced parallel roZ the filter 

multiplexed with small loss by arranging the opti- optical beam is transmitted or reflected by the ontical 

? " narri y' 40 filter means in sequence; an optical meamproS 
( L?" W n V 1 W f narrow wavelength ip*c behind each of saidlptical filter mean, to pEI 

hf u^tf thT^S °h dem ^ kled ' plotted beam from an optical source to M 

m tu \ f ^ Cal ^ d -P«» ffltera. said optical filter means with a small angle of incidence 

(e) The characteristics of the device can be adjusted and another optical means provided a?£e oWut oTtte 

by adjusting the angle of incidence of Kght beam « final optical filter means to connect fkc ouXootical 

going mto the optical band-paa. filter beam to an optical fiber. * W " 

(0 Further, without providmg an anti-reflection coat- X An optical multiplexer according to claim 1 

mg on indmdual components, a low loss multi- wherein said optical filter means is a dielectric tnfa film 

plexer or demultiplexer whose size is re«lily reduc- filter having a bandpass property 

™ J^iTiTf •' ^"if th il 0 P tiMl f,bers - *• 30 3 - An °P t,cal "»*iplexer according to claim 1, fur- 

m^nw^f nC i hm Hm R l tere '. and *• «> m - *" ^P™** rneans for adjusting §, e JTj-Z \. 

.r f — refraotive »de»- *•» of a >ight beam to theTptical filter means to con- 

„ ew £ 5° W8 < - " ^ ,^° W ** a PP arent th * • teo1 the wavelength of each opfcaS meTns 

D^eThrn f and/0r demulti - ^ means **** &" «ch optica 

plexer has been found. It should be understood of 55 filter means. p 

1 " Z^T, » re T "I-" * *! ^multiplexer comprising a plurality of 

flat optical filter means each of which transmits a differ- 
ent predetermined wavelength and reflects other wave- 
lengths, said optical filter means being arranged sub- 
a stantially in a pair of spaced parallel rows, the filter 
means in the first row being staggered in relation to the 
corresponding filter means in the second row so that an 
optical beam is transmitted or reflected by said optical 
filter means in sequence; an optical means for applying 
5 a colhmated input optical beam to each of said optical 
filter means with a small angle of incidence; and another 
optical means confronting each of said optical filter 
means to receive and focus the transmitted beam from 



"~ , — ""uuuuucuw uuciosea are merely illus- 
trative and are not intended to limit the scope of the 
invention. Reference should be made to the appended 
claims, therefore, rather than the specification as indi- 
cating the scope of the invention. 
Finally the major reference numerals and symbols uti- 
lized in the specification are listed below. 
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each optical filter means for illuminating a light deteo refractive index as each o£r so that the light beam 
m jl , . , . , does not reflect at the contact surface of two elements 

5. An opt!cal demultiplexer according to claim 4, 13. An optical multiplexer ««J^o*ta7to" 
wherejn nd optical, filter to h a dielectric thin film ther comprising a second r^Serted oetween £ 
fflterhavmg , bypass property. s substrate and eLh optical fflteTfoTSustiS S2e 

6. An optical demultiplexer according to claim 4, of incidence. • J 8 8 
further comprising means for adjusting the angle of 14. An optical, demultiplexer comprising a transoar- 
incidence of a light beam to the optical filter means to "it dielectric substrate having first and second parallel 
control the center wavelength of each optical filter P'aws, a first group of optical filters positioned linearly 
means, said adjusting means being .provided for each 10 °» first plane, a second group of optical filters 
optical filter means. positioned linearly on the second plane and staggered in 

7. An optical multiplexer comprising a transparent relation to the corresponding filters on the first plane, 
dielectric substrate having first and second parallel Projecting means for projecting the collimatcd optical 
planes, a first group of optical filters positioned linearly beam to 1"t optical filter at a predetermined angle 
on said first plane, a second group of optical filters 15 of mcid ence, and at least one light detector provided 
positioned linearly on the second plane .and staggered in J*""" 1 eacn "P 1 "*! filter, wherein each said optical 
relation to the corresponding filters on the first plane, fdtcr tr " Mnli '* » wave having a different predetermined 
projecting means for projecting collimatcd optical wavelength and reflects waves having other wave- 
beams to each of said optical filters at a predetermined ,eneths - 

angle of incidence, and coupling means provided at the 20 } S ' 0 P tica l demultiplexer according to claim 14, 
output of the final optical filter to connect the output Nvher " n ™ d Projecting means for projecting the colli- 
optical beam to an outside optical fiber, wherein each m opttctl beam to the first optical filter at a prede- 
said optical filter transmits a wave having a different te ™ in f 1 of incidence includes a prism, 
predetermined wavelength and reflects waves havine L ■ °P t,caI demultiplexer according to claim 14, 
other wavelengths. 25 wherein the angle of incidence is approximate 15'. 

8. An optical multiplexer according to claim 7 u °Pj icti . demultiplexer according to claim 14, 
whereinsaidprojectingmeansforprojecfingcolliniated !^TT ^ "P 1 ^ "Iters «" directly attached to the 
optical beams toeach of the optical filter, af. predeter- ""S a £*" 

mined angle of incidence includes a prism ,„ u • ?f , demultiplexer according to claim 14, 

9. An optical multiplexer according, to claim 7 ^^.i, V^. d ? mC,li ? ? 0vided along the 
wherein the angle of incidence is approximate 15\ ffiffi" **** m 0ptical contact 80 that » 

10. An optical multiplexer acceding to c aim 7. ^aJS^"* F? % 

wherein said optical filters are directly attached to the tt* demultiplexer according to claim 14, 

parallel surfaces of the substrate. « ^ el ? *" 1 dements providcd alon 8 the 

11. An optical multiplexer accordine to claim 7 P r ■ ■ i' S bean l have approximately the same 
wherein all The o^J,U^^Si^Z 0 { SS^T 5*? ° ther " H S ht beam 
the light beam arein optical contact sotiiS SSrf ^ T conUct Mrface of two dements, 
beam does not ?L through «Tr ^ fi * An ^ demultiplexer according to claim 14, 

12. An optical multfokxer acenrrfin. ♦„ , further comprising a second prism inserted between the 
wherein f^o^^^J?^ * SSSS "* ^ ^ *" ^ 
path of the hght beam have approximately the same » * * * • 
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